Introduction
Traditionally, the genus Dysphania comprises 6-10 species, endemic for Australia (MOSYAKIN 1993 , ZHU et al. 2003 . Over the past decades, the systemic definition and composition of the genus has frequently been a subject of discussion (MOSYAKIN 1993; MOSYAKIN and CLEMENTS 1996 , 2002 . Currently the genus Dysphania comprises about 40 species that earlier constituted the subgenus Ambrosia of the genus Chenopodium or were referred to the genera: Neobotritium Moldenke, Roubieva Moquin-Tandon, Teloxys Moquin-Tandon. The representatives of the genus are mainly ruderal and weed plants, more common in the tropics, subtropics and warm-temperature ural habitats of the species. The root tips were treated and squashed according to the accepted methods (GROZEVA 2007) . The chromosomal type was determined after the centromere index I = s/s+l, according to the classification proposed by GRIF and AGAPOVA (1986) . Three metaphase plates have been measured from each population. The voucher specimens are kept in the herbarium of the Bulgarian Academy of Sciences (SOM).
Twenty-four quantitative characters were included in the morphological analysis: 1 The mean value and coefficient of variation were calculated for each character of every population. They were used in the comparative analyses on different levels.
The relative contributions of intra-and interpopulation variation to the overall variation of each characteristic of the studied species were evaluated by one-way ANOVA.
Unweighted pair-group average (UPGA) hierarchical cluster analysis (HCA) was applied to the matrix with the Euclidean distances between the populations of the genus Dysphania in order to study the morphological pair-wise similarities and the underlying hierarchical classification structure.
The discriminant function analysis was conducted on morphological data to determine the most parsimonious way to distinguish between species. The stepwise discriminant analysis (SDA) procedure was used as it allows recognition of the most effectively discriminating variables among a large set of morphological characters.
Statistica 6.0 (StatSoft Inc. 2001 ) was used for the statistical analysis of morphological data.
Results

Karyology
As a result of karyological study, 3 chromosome numbers: 2n = 18, 32, 36 have been found in the genus Dysphania (Tab. 1). Two types of chromosomes: metacentric and submetacentric have been established in the karyotypes.
The number 2n = 18 has been counted in three species -Dysphania botrys, D. pumilio and D. schraderiana. The last species was studied karyologically in Bulgaria for the first time and for the studied population karyotype 2n = 14 m + 4 sm = 18 chromosomes has been established (Plate 1A). The diploid chromosome number found for D. schraderiana confirms the data known from literature sources (KJELLMARK 1934 , SCHWARZOVA 1978a . For all three populations of D. pumilio the karyotype of 2n = 8 m + 10 sm = 18 chromosomes has been recorded (Plate 1B). The chromosome number 2n = 18 found for the Bulgarian popu-GROZEVA N. H., CVETANOVA Y. G. (MULLIGAN 1961; MEHRA and MALIK 1963; KEENER 1970; CROMPTON 1971, 1982; UOTILA 1973; QUEIROS 1975 , SCHWARZOVÁ 1978b , 1980 DVOR FÁK et al. 1980; KHATOON and ALI 1993; LOMONOSOVA et al. 2003) .
The tetraploid chromosome number 2n = 32 has been found for Dysphania ambrosioides. The same result has been found in various regions in the geographical area of the species (LORZ 1937; WOROSCHILOV 1942; KAWATANI and OHNO 1950; RAGHAVAN and ARORA 1958; MEHRA and MALIK 1963; SHARMA and DEY 1967; MURI BN and FERAKOVA 1974; QUEIROS 1975; SCHWARZOVÁ 1978b SCHWARZOVÁ , 1986 SILVESTRE 1984; DVOR FÁK 1989; KHATOON and ALI 1993; AL-TURKI et al. 1999 , 2000 . For the three studied populations, differences were recorded in the karyotype structure. In the two populations from the Thracian lowland ( The highest chromosome number 2n = 36 is registered in the populations of D. multifida (Tab. 1). The same number was reported by MARKOVA (1968) for another Bulgarian population of the species from the village of Koshava in the Danubian plain. The data from the other parts of its habitat are for 2n = 32 (KAWATANI and OHNO 1956; GIUSTI 1970; QUEIROS 1975; GRANADO et al. 1988) . In four of the studied populations ( The results of the ANOVA (Tab. 5) demonstrate that in all species, interpopulation variability is dominant in total variability.
The The results from the SDA are presented in table 10. The first three discriminant (canonical) functions account for over 98% of the total variance. Overall, the discrimination between species is highly significant (Wilks' Lambda = 0.00026, F = 567.01, p < 0.001). Wilks' Lambda is the standard statistic that has been used to denote the statistical significance of the discriminatory power of the current model. The closer to 0 the Wilks' Lambda, the greater is the contribution of the model to the overall discrimination. The Partial Wilks' Lambda values in the first column (Tab. 10) present the unique contribution of each character in the model to the discrimination between species. The lower the value in this column, the greater is the unique discriminatory power of the respective character. All discriminant functions and variables in the model were highly significant (p < 0.001)
The standardized discriminant function coefficients determine the unique contribution of each character to the discriminant functions D1-D3. The first discriminant function which provides the most overall discrimination between the five species is loaded most heavily by the width and the length of perianth lobes in the female flower, and the length of perianth lobes in the bisexual flower. The second discriminant function seems to be marked ACTA BOT. CROAT. 72 (1) 97  72  100  43  34  35  22  59  31  102  74  5  37  60  99  77  126  97  83  129  98  171  152  162  171  150  245  101  296  265  273  283  266  267  410  53  90  119  106  100  119  158  105  378  30  13  62  34  15  63  84  166  290  92  34  151  152  153  155  151  224  47  417  69  148  45  205  274  241  220  276  160  347  398  243  216  309 GROZEVA N. H., CVETANOVA Y. G. The scatter plot of the canonical scores of the individuals from the five species on the first two discriminant dimensions (Fig. 2) 
Discussion
The results of the present complete population research of genus Dysphania confirm the data from our previous research (GROZEVA and CVETANOVA 2008, 2011) on the species from family Chenopodiaceae, namely that vegetative traits are more variable than generative ones (Tabs. 2-4). The lamina size of the lower leaves, petiole length of upper or lower leaves and stem height are the most variable traits in almost all populations. The characteristics of the seed dimensions (i.e., length, width and ratio between them) are some of the most con- The high variability of stem height and leaf characters of the species from Chenopodium senso lato, and the lack of any considerable variability in seed characters have been acknowledged by researchers of the genus from various parts of the world (KOWAL 1953 , ENGSTRAND and GUSTAFSSON 1972 -1974 , REYNOLDS and CRAUFORD 1980 , BASSET and CROMPTON 1982 , DOSTÁLEK et al. 1990 , AL-TURKI and GHAFOOR 1996 , UOTILA 2001 . The main source of phenotype variation in all species is the interpopulation variation. The interpopulation differences were fewer and varied within much narrower limits in D. pumilio (Tab. 6). That is associated with the small differences between population habitats (Tab. 1) as well as with the lack of karyotype variability. Low variability level has been found among the populations of D. ambrosioides (Tab. 7), which relates to their similar habitats (sandy terrains in close proximity to a water basin) and similar altitudes (28-164 m). The recorded higher variability for the population from the Danubian plain than in the two populations from the Thracian lowland could be explained by either the differences in the soil and climatic conditions due to their geographic remoteness or the established karyotype differences.
Large interpopulation morphological variation was observed in D. multifida (Tab. 8) and the greatest differences have been recorded among populations with different karyotypes. Among populations with the same structure of the karyotypes, strong morphological similarity was recorded between populations with similar community components -No. 39 from the island of Golyama Barzina and No. 108 from Parvomay (Ed=40), where D. multifida dominates and cereal species are quite limited; No. 106 from Ihtiman and No. 107 from Ivaylovgrad (Ed = 51), where cereal species are dominant. According to our observations, the established relationship is directly linked to the biological characteristics of the species. D. multifida is a perennial grass plant with a shallow root system and highly branched creeping stems. Its normal vegetative development needs space and efficient amount of water and food supplies in the topsoil, and these depend on the composition of the population and the existing relationships within it.
The largest interpopulation morphological variation was observed in Dysphania botrys (Tab. 9) which is in agreement with the diversity of ecological conditions, altitudes (0-748 m), ecosystems (Tab. 1), as well as the constituted kariotype differences. The interpopulation differences within this species were the least between populations No. 97 from Pomorie, No. 102 from »Sinite kamani« Natural Park (Ed = 5), and population No. 29 from the Varna lake and population No. 30 from Plovdiv (Ed = 13), which have identical karyotype structures. High morphological similarity was found between population No. 35 from Belene and population No. 30 from Plovdiv (Ed = 15), and population No. 29 from Varna Lake (Ed = 22), which are with different karyotypes, although they have similar ecological conditions (altitudes up to 200 m, flat terrain, close to a water basin with moist and sandy soil). Of all studied populations, the greatest differences are those from Tselina (population N o 45) and Blagoevgrad (population N o 101) where the species is a weed in a cultivated community. This is related to better soil conditions (i.e., food substances, moisture, and aeration), and weaker competition between the cultivated and weed plant than in the species' natural habitat. Regardless of the similar composition of communities, both populations differ significantly from each otehr, which relates to their appurtenance to two different and quite distant floristic regions and to the differences found in their karyotypes.
The interpopulation variability is dominant within the total variability in all species (Tab. 5), which is due mainly to differences in ecological conditions and especially in the various plant communities to which they belong, as for the populations of D. ambrosioides, D. botrys and D. multifida karyological variability is also a factor. The less pronounced intrapopulation variability relates to the smaller number and area of the population, and the uniform ecological conditions within its borders.
After comparing all populations of the species in the genus according to the entire morphological set of quantitative traits (Fig. 1) , the greatest similarity was found between the two diploid species D. botrys and D. pumilio. Quite similar to these two is the third diploid species -D. schraderiana. The three species also have similar ecological preferences. A certain morphological similarity was registered between the tetraploid D. multifida and the three diploid species, as well as between the tetraploid D. ambrosioides and all other species in the genus. Such morphological similarity among the five species was also noted by UOTILA (2001) in Flora Nordica.
In spite of the high morphological similarity among the species, each one of them could be recognized correctly by certain characteristics (Fig. 2) . The top ten significant features for differentiation of species, found by SDA were: width of perianth lobes in female flower, width of upper leaf, length of upper leaf, length of perianth lobes in female flower, length of perianth lobes in bisexual flower, thickness of fruit, length of flower petiole, length of basal leaf petiole, diameter of flower, length of upper leaf petiole (Tab. 10). The distinction between D. multifida, D. ambrosioides and D. schraderiana is based on differences in the quantitative traits, while such discrimination between D. botrys and D. pumilio is not always feasible. Due to the similarity in the greater part of the qualitative traits of these two species, qualitative characteristics should be used as well for their clear-cut distinction. D. pumilio could be distinguished easily from D. botrys as well as from the other species of the genus by its 4-5 pale green perianth leaves that harden and whiten at the fruit, as well as by reddish-brown to brown-black seeds with an imperceptible blunt edge. D. botrys was characterized by 5 yellowish-green perianth leaves that do not fully cover the fruit and do not harden and greyish-black seeds with an edge longitudinally split up in two. D. schraderiana differed by 4-5 perianth lobes with clearly defined serrated dorsal edge and black seeds with blunt edge. D. ambrosioides is easily recognizable by its five pale green perianth lobes with clearly defined non-serrated dorsal edge, connate up to 1/2 of their length and brown seeds with blunt edge. D. multifida differed to the greatest degree from the other species with its five heavily furrowed perianth lobes, with no dorsal edge, connate along their entire length, that are preserved at the fruit and form a false pod and dark brown round seeds. Each species could also be identified by its typical indentation of the leaf lamina, however, that is not always a sure method since it is necessary to collect a greater number of whole plants in order to trace the lamina changeability of the lower, middle, and upper leaves.
The data from the present study confirm that polyploidy and diploidy are basic evolutionary mechanisms in genus Dysphania. In tracing the morphological variability, the tendency, known for Chenopodium senso lato, to reduce the sizes of the generative organs and the number of perianth lobes was established. The reduced size of perianth lobes and the decrease in their number facilitate anemophilous pollination. The retention of the perianth lobes at the fruit and the presence of glands on their surface is an adaptation to exozoochory. The nuts stick to animal fur and are carried as they move around, while the reduced size of the seeds favours their transportation at greater distances. Perianth lobes in some species have additional features securing reliable attachment: rough surface in D. multifida, pointed dorsal edge in D. ambrosioides, serrated dorsal edge in D. schraderiana). The lack of a dorsal edge on the perianth lobes of D. botrys and D. pumilio is perfectly compensated for by there being more glands on the entire surface of the first species, and on the upper parts of the second.
